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Spin-Orbit Resonance

Rocky planets close to their host stars may be locked into

spin-orbit resonances.
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Implications for Habitability
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Spin-Orbit Resonant Capture

Two torques acting on planet’s spin angular momentum near 3:2
spin-orbit resonance:

21 GM, 3GM2R5 ky
| Tni| = Ide < 23 ) o | Thide| = 376*5’

where € = (Iy, — )/ lzz, with I, > I, > I,. For spin-orbit
resonant capture, require |Tei| > [Tiidel:
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What is Maximal ellipticity?

Lower bound on € = (/,, — )/, set by tides. What is upper
bound on ¢, set by Geophysics? May super-earths achieve values of
€ capable of overcoming the lower limit set by tides?
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Order of Magnitude estimate of €.«

The two stresses on the planet’s core are
|Tgrav| ~ PgR€7 |Te1ast| ~ pdu.
i = shear modulus, u = strain. Requiring | Telast| = |Tgrav| gives

pgRe
o

u ~

Von-Mises criterion: Crust yields when u > ueit ~ 1073, In terms

of ellipticity:
€ 2 €max ™~ <[£‘?> Ucrit -

Realistic model adds additional ~ 1/8 geometric factor.
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Detailed Analytic Model

Assumptions:
@ Constant density core p = p,
@ Homogeneous 1 = constant
@ Incompressible
°

Fluid envelope with isothermal or constant density equation of
state
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Bare Core
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Setting Upcak = Ucrit:
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Fluid Envelope

Thin Isothermal atmosphere,

€max for constant density ocean.
_____ ] equation of state p = p/c2,
107 R ¢ K geRe.
% / R _ pa
z L €max = - €max, bare core-
- 107" Doi S Pe
— =0 _
[ - po=001p Constant density ocean p = pq:
N cer po=0.1p
N o = 0.3p, R
1077t S — c Po
0.2 04 0.6 0.8 €max = H - ] €max, bare core-
RJ/R R’ pe

J. J. Zanazzi Work with Dong Lai ERES 2017



Comparison to Solar System Values

Body Observed € €max
Mercury | 1.3 x 107* | 1.6 x 10~*
Venus | 5.4 x107% | 2.9 x 107>
Earth | 1.5x107° | 23x10°°
Mars | 5.5x107% | 1.6 x 10~
Moon | 2.3x107% |8.7x107*

Observed ¢ computed through (Yoder 1995)

ly — b
WX 10,
oMRes ~ 0C2

e

where Cy; is gravitational coefficient.
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Conclusions

@ Maximal Triaxiality of rocky planet given by

-2
max = 1. 1 - a P
‘ 9> 10 (1012dyn/cm2> <6g/cm3>
R -2 Ucrit
8 (r@) (10—5)'

@ Fluid Envelope generally works to decrease €y, .

@ Maximal triaxialities of Solar System Bodies close to observed
values.
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